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Foreword

This volume summarizes the deliberations and conclusions of the 1996 Air Force Scientific
Advisory Board (SAB) Summer Study "UAV Technologies and Combat Operations." In this
study, we reviewed technology maturity in the context of accepted Air Force mission tasks and
projected new mission tasks-both combat and noncombat-that might be enabled by available
and forecast technologies. It was an iterative process involving Government and industry experts.

We have tried to provide an objective view of what is often a controversial subject. We
believe that unmanned aerial vehicles (UAVs) will be a part of the future Air Force, in all likelihood
a significant part. But we also believe that moving too fast to incorporate UAVs into the force
structure would be just as dangerous as moving too slowly. Instead, it is important that the Air
Force move carefully and methodically, conducting a series of demonstrations designed both to
evaluate and mature the technologies and to develop and test the operational concepts.

The Board wishes to thank the many individuals who contributed to the deliberations and
the report. In addition to the Board members, many ad hoc members devoted their time. Industry
assisted, and Air Force Major Air Command liaison officers were extremely helpful. The Air
Force Academy provided technical writing assistance which was most important. We gratefully
acknowledge the assistance of the Staff of the UK Defence Research Agency during the summer
session. Special recognition goes to the SAB Secretariat staff and the ANSER team for their
administrative assistance.

Finally, this report reflects the collective judgment of the SAB and hence is not to be
viewed as the official position of the United States Air Force.

Dr. Peter R. Worch Maj Gen Thomas S. Swalm, USAF (Ret)
Study Director Deputy Study Director

November 1996
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Executive Summary

Introduction

The Air Force has entered a new era, an era in which the unmanned aerial vehicle (UAV)
has become not only acceptable, but desirable, for long-endurance reconnaissance missions. It is
timely then, for the Air Force Scientific Advisory Board (SAB) to review technology maturity in
the context of accepted Air Force mission tasks and to project new UAV mission tasks-both
combat and noncombat-that might be enabled by available and forecast technologies. Thus, the
Air Force Chief of Staff directed the 1996 study "UAV Technologies and Combat Operations."

The study report includes a Summary Volume (Volume I) and a Volume that includes the
individual Panel reports (Volume II). The Summary Volume deals first with the mission task
concepts, then the platform considerations that bound the air vehicle parameters, then the
system/sub-system elements (i.e., mission systems and weapons), and finally, the human factors
considerations. An example point design-a Suppression of Enemy Air Defenses (SEAD) UAV
with a roadmap for programmatic accomplishment-is provided along with a recommendation that
a SEAD demonstration program be pursued. Some special subjects are presented, followed by
overall recommendations and concluding remarks. The reader is referred to Volume II to more
completely understand the approach and deliberations in the specific areas, and to discern a more
complete set of conclusions and recommendations. Additionally, some issues for which complete
study was beyond the scope of, or time available in this study are also presented in Volume II.

Findings

The study group identified a number of findings relative to the application of UAVs to Air
Force roles and missions:

1. UAVs have significant potential to enhance the ability of the Air Force to project combat
power in the air war.

2. UA Vs have the ability (range, persistence, survivability, and altitude) to provide significant
surveillance and observation data economically, compared with current manned aircraft
approaches.

3. UAVs have the potential to accomplish tasks that are now, for either survivability or other
reasons, difficult for manned aircraft including counterair (cratering runways and attacking
aircraft shelters), destroying or functionally killing chemical warfare/biological warfare
(CW/BW) manufacturing and storage facilities, and suppression of enemy air defenses.

4. UAVs can be weaponized in the near-term' (perhaps using advanced versions of the Tier
vehicles), using an existing weapon and hypervelocity kinetic energy penetrators with a
family of warheads.

5. Insufficient emphasis has been placed on human systems issues. Particularly deficient are
applications of systematic approaches to allocating functions between humans and
automation, and the application of human factors principles in system design.

6. Most other technologies necessary for platforms, propulsion, avionics, and mission
systems are sufficiently mature to provide initial UA V capabilities of the nature described
above. Further technology development can significantly enhance these capabilities.

The study group adopted the use of near-term (1996-2005), mid-term (2005-2015), and far-term (2015-2025) as the

periods in which initial operational demonstrations could occur.
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7. New warhead technologies-namely intermetallic high temperature self-propagating
synthesis reaction incendiary and 'flying plate" concepts-can provide the UA V the ability
to deliver compact weapons capable of inflicting devastating damage to a large number of
fixed and moving targets.

8. Little thought has been given to appropriate responses to enemy use of UA Vs, particularly
those armed with air-to-air missiles.

In order to fully exploit the potential of UAVs, the Air Force must think of them as new
and complete systems with new combinations of advantages and disadvantages, rather than as
vehicles with a single outstanding characteristic or as a slight variant of an existing vehicle. Thus,
advances must be made across the board, including concepts of operation, platform, weapon,
mission systems technologies, and especially, human systems.

Operational Mission and Mission Task Concepts

The study group assessed UAV contributions to Air Force missions and promulgated 22
missions/tasks to which UAVs can contribute. The following nine missions are representative of
UAV mission needs and serve as a context in which to address technology opportunities. In no
particular order, they are:

"* Counter Weapons of Mass Destruction
"* Theater Missile Defense-Ballistic Missiles/ Cruise Missiles
"* Fixed Target Attack
"* Moving Target Attack
"* Jamming
"* Suppression of Enemy Air Defenses
"* Intelligence, Surveillance, and Reconnaissance
"* Communications/Navigation Support
"• Air-to-Air

The study analyzed each of these missions in terms of operational capability and ability to
exploit the enabling technologies. Platforms, propulsion, mission systems, and weapons were
considered, as were human factors aspects. Challenges were identified and programs were
suggested. The Air Force is encouraged to consider these and other missions in more detail and to
establish programs in those that, after further analysis, are determined to be appropriate.

The Air Force should also be on a continual lookout for new or non-traditional missions,
some of which may complement existing roles (e.g., use of UAVs as the "eyes" for B-52s, thus
averting costly B-52 upgrades) and new missions that may leverage technology advances (e.g.,
seeding and monitoring unattended ground sensors).

Demonstrations

The introduction of UAVs into the Air Force operational and organizational structure is
considered an evolutionary process, highly dependent on a series of operational demonstrations of
which the current Predator, DarkStar, and Global Hawk programs are part. These demonstrations
are key to developing technical and operational confidence in UAVs. Specifically, the Air Force
has the opportunity for near-term demonstrations in the following mission/task areas:

1. Enhanced ISR missions with electronic support measures (ESM), foliage penetration, and
advanced radar sensors, coupled with automatic target cueing or screening, and advanced
fusion concepts,
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2. ESM and jamming payloads for detection, precision location, and neutralization of radio
frequency emitting threats,

3. Fixed and moving-target attack using UAVs to detect and locate targets based on image-
coordinate transformation, cueing, and advanced lightweight weapons,

4. Communications and navigation support, based on the Defense Advanced Research
Projects Agency (DARPA) UAV Communications Node concept, but adding Global
Positioning System (GPS) augmentation pseudolites for precision guidance under GPS
jamming,

5. Suppression of enemy air defenses.

Recommendations

The study Panel made numerous detailed recommendations which are found in Volume II.
The major recommendations are outlined below, with more detail on each provided in Chapter 11
of this Volume. The Air Force should:

1. Take the lead role in programs to exploit the near-term UA Vs (Predator, DarkStar, and

Global Hawk) in Air Force, Joint and National roles.

2. Pursue the SEAD mission as an early application of UAVs in an attack role.

3. Initiate a program, perhaps with DARPA, that leads to the development and deployment of
advanced penetrating combat UAVs in the mid- to far-term.

4. Increase emphasis on effective techniques for flight management and employment of
UA Vs.

5. Establish UA V experimental capabilities to address crew-vehicle flight management
concepts and increase emphasis on human system related topics in development programs.

6. Expand work in engines, air vehicle structures, and flight management technologies.

7. Supplement avionics and mission systems technology base programs in mission system
automation, miniaturization, and sensor aperture areas critical to UA V operations.

8. Initiate a modular weapons and warhead program specifically oriented to the mission tasks
most suited to UAVs.

9. Initiate a broad program to address opportunities for dramatically reducing operations and
support costs for UA Vs.

10. Promote command, control, communications, and intelligence ( C3I) architectures that
consider UAVs in the context of the overall Joint Forces structure.

11. Develop systems, concepts, and processes for UAV airspace management and
deconfliction.
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Chapter 1

Background

Unmanned aerial vehicles are not new to warfare or to the Air Force. The Firebee, later
designated the BQM-34, became the standard jet target for scores of uses by the Air Force, Navy,
and Canadian forces.' Over 6,500 of the versatile jets have been built, which became the basis for
the evolution of UAVs.

During the 1950s, the US relied on manned reconnaissance flights near and behind the Iron
Curtain to gather valuable intelligence information about the Soviet Union. The BQM-34 was
demonstrated using existing photo reconnaissance cameras. Later, a BQM-34 with larger wings
designed to fly at high altitude, was developed as the first UAV designed specifically intended for
the reconnaissance mission.2 This vehicle, the Ryan 147 B (AQM-34Q), was used operationally
for intelligence collection against Cuba, and later in Vietnam.

Several demonstration programs used the unmanned aircraft in flak suppression, chaff
dispensing, target designation, and weapons delivery roles, but these missions were never
performed operationally. There were tests of unmanned drone aircraft in air-to-air combat roles.
The AQM-34 demonstrated dropping 500 lb bombs, dropping the Stubby-Homing Bomb
(HOBO), and launching the electro-optically guided Maverick missile. Although these
demonstrations were successful, termination of the Vietnam conflict ended the expanded roles of
UAVs. The end of the conflict was also marked by a massive drawdown of US military forces,
including the elimination of Air Force UAV organizations in 1976.

After the Vietnam drawdown, the Air Force appeared to lose all interest in UAVs, with little
activity until the initiation of the Tier 2 (Predator), Tier 2+ (Global Hawk), and Tier 3- (DarkStar)
reconnaissance-surveillance programs. Suddenly, interest increased with the promise of a new
generation of vehicles boasting automated flight, long endurance, and "modest" cost relative to
manned reconnaissance aircraft. Table 1-1 provides data on the Air Force current/developmental
UAVs.

All has not been successful in the UAV world. Many air vehicle crashes have marred its
history, reducing confidence and programs. Many aircraft crashed on take-off and landing,
perhaps due to the remoting of the pilot from the aircraft without providing sufficient situation
awareness information and "seat-of-the-pants" feeling to perform the piloting operation. Other
unmanned aerial vehicles were successful in flight, but achieved disfavor for reasons of program
cost growth or system performance limitations. Yet other UAV programs were driven to their
death by repluirements growth or simply poor timing. The Aquila program is a prime example of
the former. Further detail on the history of UAVs is provided in Volume II, Chapter 1,
Appendix C.

William Wagner: Lightning Bugs, Fallbrook, CA: Armed Forces Journal International, 1982.
2 US Army Aviation Center: Unmanned Aerial Vehicle Study, Ft. Rucker AL, 1993.
3 Brig Gen David R. Gust: The Last Three Years ofAquila and How the Army Failed to Field New Technology.
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Table 1-1. AkFome UnmannedAekde Vehilaes

Air Vehicle Data Payload status

Tier 2 Predator Grows VA (tb) - 2=00 SAIR - 3 m, 0.3 m Operational
$3.2M Altitude (ft) - 25,000 EO/IR - MIRS 8.5

SEndurance (hr) - 50+ Ku, UHF SATCOM
Payload (Ib) - 450 CDL, UHF LOS Comm

~Wkwgpan (ft) -49
SAlrseed (MB) -80

Tnier2+ Gio~baIHawk GrossaWt (lb) -24,000 SAR -3 m, 0.3 mto 200 km In Build
(slam) Altitude (ft) - 65,000 EOIIR - NIIRS 8.5/5/5

Endurance (hr) -42 Ku, UHF SATOOM
Payload (Ib) - 2,000 CDL, UHIF LOS Comm

Tiler 3.DarkStar GrosseWt Qb) -8,600 SAIR- 3m, 0.3m tInTest
$10M) Altitude (ft) - 45,000 EOJIR - MIRS 5 (#1 Crashed)

Endurance (hr) - >8 Ku, UH4F SATCOM
4FPayload (Ib) - 1,000 CDL, UHF LOS Com

Wingspain (ft) -869
Airspeed (Icts) - 350
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Chapter 2

General Discussion

The study group adopted the term "unmanned aerial vehicle" (UAV) to describe the realm
of unmanned aircraft. UAVs can be air vehicles specifically designed to operate without an
onboard operator (e.g., Global Hawk) or aircraft intended to be manned that have been converted
to unmanned operation (e.g., unmanned F-16). They can act in surveillance/reconnaissance roles,
attack roles, or other support (jamming, for example) mission tasks. For the purposes of this
study, cruise missiles and drones were not considered as UAVs, although UAVs could perform
their missions.

The time for UAV acceptance appears to be here for a number of reasons. First, the
declining force structure, people, and equipment necessitates innovative thinking about solutions
that more cost-effectively accomplish Air Force missions. Secondly, technologies have emerged
and matured as very significant enablers for unmanned missions (GPS for example). Thirdly,
operations and support budgets are limited and there are opportunities for UAVs to provide lower
operating cost and increased sortie rates. Fourth, among other attributes, the extreme endurance
and potential for high flight altitude of UAVs could bring a new dimension to Air Force operations.
And finally, the Air Force senior leadership is actively interested in the unmanned aerial vehicle. It
remains up to the development and operational communities to cooperate in demonstration efforts
that establish the viability of the UAV.

The purpose of this study was to assess system concepts as well as technologies in
platforms, mission systems, weapons, and human factors as they might pertain to the
accomplishment of relevant Air Force operational tasks. These assessments should help the Air
Force better invest in UAV technologies and systems for the future.

The study recognizes that UAVs are not a panacea; some missions can benefit by the use of
UAVs but others are better left to manned aircraft. It is important that the Air Force make the
determination as to the manned versus unmanned mix. The study group, on the other hand,
recognizes the important technical and operational attributes of UAVs and the functional impacts of
their use as a complement to manned aircraft (see Table 2-1).

The decision to field UAVs and whether to augment or replace manned aircraft must be
made after careful consideration of many factors:

"* The scenarios to be encountered
"* The missions and tasks
"* The alternatives
"* The relative risks
"* The relative costs of the tasks
"* The maturity of the technologies

The determination of the manned-unmanned force mix was beyond the scope of this study.
In the opinion of the study group, the force mix issue can be addressed only after demonstrations
(Advanced Concept Technology Demonstrations [ACTDs] for example) of operational capability
and utility, and the associated formulation of operational concepts. It should be stressed that the
force mix decision process is especially complex for unmanned vehicles because the introduction
of such radically new weapon systems carries a great deal of uncertainty about capability, and
because the methodology and models to address such complexities are not yet in place.

2-1


